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The memory of somatic cell gene expression is reset in the germline in a process that is accom-
panied by dramatic changes in chromatin modifications. In this issue, Katz et al. (2009) show that 
the histone demethylase Lsd1/Spr-5 may participate in this resetting process in the worm, thereby 
preventing a decline in germ cell epigenetic stability and viability over ensuing generations.During the course of evolution, meta-
zoans acquired two distinct cell popu-
lations—“disposable” somatic cells that 
develop into the body of an organism and 
“immortal” germ cells that perpetuate 
genetic material through the formation 
of gametes. The fundamental difference 
between somatic cells and germ cells 
does not lie in their genetic information 
but rather in the way this information is 
interpreted and how this interpretation 
is maintained through propagation of 
gene expression programs. In multicel-
lular organisms, epigenetic memory of 
gene transcription is only rarely trans-
mitted from one generation to the next 
and is usually erased in the germline 
through a process accompanied by 
dramatic changes in chromatin modifi-
cations. For example, primordial germ 
cells in the nematode Caenorhabditis 
elegans (Z2/Z3 cells) undergo massive 
and rapid loss of histone H3 lysine 4 
dimethylation (H3K4me2), a mark that 
is generally associated with active gene 
expression. This implies that an active 
process reinforces the epigenetic des-
tiny of these cells as germ cells and 
erases the memory of zygotic transcrip-
tion (Schaner et al., 2003) (Figure 1). In 
this issue of Cell, Katz et al. (2009) show 
that Spr-5, a C. elegans ortholog of the 
H3K4me2 demethylase Lsd1, prevents 
improper accumulation of H3K4me2 
in the germ cells ensuring germline 
“immortality” in subsequent genera-
tions.
In the fruit fly Drosophila melano-
gaster, Lsd1—also called Su(var)3-
3—is involved in heterochromatin for-
mation and its mutant alleles suppress 
positional-effect variegation (Rudolph et al., 2007). Consistent with the con-
served role for Spr-5 in heterochroma-
tin formation, Katz et al. demonstrate 
that relative to wild-type worms, spr-5 
mutant worms fail to transcription-
ally repress multicopy transgenes in 
the germline. Interestingly, the spr-5 
mutant phenotype manifests itself in 
the gradual accumulation of H3K4me2 
in Z2/Z3 primordial germ cells, which 
only becomes evident over many worm 
generations. Initially, global erasure of 
H3K4me2 appears to occur properly 
during primordial germ cell formation, 
suggesting that an Lsd1-independent 
mechanism may be responsible for 
the rapid removal of H3K4me2 in Z2/
Z3 cells. Nevertheless, over mul-
tiple generations, H3K4me2 accumu-
lates in the germ cells of spr-5 worm 
mutants. This is accompanied by the 
gradual derepression of genes associ-
ated with spermatogenesis. Strikingly, 
after 20 generations, the expression of 
spermatogenesis genes dramatically 
decreases despite a continual increase 
in H3K4me2. The sudden decrease in 
sperm gene expression correlates with 
a decline in worm fertility and brood 
size, eventually resulting in the death 
of the germ cells (Figure 1).
The sharp increase in sterility is 
also associated with a developmental 
delay, suggesting that some threshold 
is reached after 20 generations, which 
leads to both collapse of gametogenesis 
and defects in the soma. Progressive 
germline degeneration in spr-5 mutant 
worms does not appear to result from 
genetic instability, an important consid-
eration given the reported role of Lsd1 in 
pericentric heterochromatin formation. Cell Moreover, the degeneration involves 
some sort of “generation counting” 
mechanism rather than a direct mea-
sure of time in development. A similar 
number of generations is required for 
sterility regardless of the temperature of 
the environment, which affects the time 
course of worm development.
The phenotype of spr-5 mutant worms 
is distinct from that of flies carrying the 
Lsd1 mutation, which results in immedi-
ate sterility and the appearance of ecto-
pic H3K4me2 in primordial germ cells 
within a single generation (Rudolph et 
al., 2007; Di Stefano et al., 2007). The 
difference between the two pheno-
types again suggests the existence of 
an additional Lsd1-independent mecha-
nism for immediate H3K4me2 erasure 
in the worm germline. Another interest-
ing aspect of the spr-5 mutation is the 
sporadic appearance of somatic devel-
opmental defects such as the “rolling” 
and “dumpy” phenotypes. These phe-
notypes are normally associated with 
genetic mutations but are not heritable 
in the case of spr-5 mutant worms, thus 
pointing to the epigenetic nature of the 
underlying defect. It is possible that the 
spr-5 mutation results in deregulation of 
the expression of certain somatic genes. 
These phenotypic defects could also be 
a consequence of preexisting changes in 
gametes that derive from the degenerat-
ing spr-5 germline.
Many questions remain to be 
answered as Katz and colleagues mea-
sured gene expression and H3K4me2 
in a mixed population of worms at all 
developmental stages rather than in 
specific germ cell populations. What 
happens to gene expression in primor-137, April 17, 2009 ©2009 Elsevier Inc. 203
Figure 1. The Lsd1/Spr-5 Histone Demethylase Acts in the Worm Germline
(Top) Dynamic regulation of histone H3 lysine 4 dimethylation (H3K4me2) during formation of the C. el-
egans germline. (Inset) Lsd1/Spr-5 demethylates H3K4me2, a posttranslational modification associated 
with active genes. During early embryogenesis, four asymmetric cell divisions separate germline progeni-
tors (P0–P4) from somatic cells. Both cell types are marked by H3K4me2 (green nuclei). The symmetric 
fifth division of the germline progenitor cell P4 results in the formation of the equipotent primordial germ 
cells Z2 and Z3. These cells undergo rapid loss of H3K4me2 (blue nuclei). Upon worm hatching and feed-
ing, the Z2/Z3 germline progenitor cells exit the quiescent state, dividing into germline progenitors that 
eventually give rise to eggs and sperm.
(Bottom) In wild-type worms, Spr-5 protein levels remain high in the germline, whereas the chromatin 
of Z2/Z3 primordial germ cells is globally hypomethylated. In contrast, spr-5 mutant worms that harbor 
an inactivating mutation in the gene show progressive accumulation of H3K4me2 in Z2/Z3 primordial 
germ cells that manifests over 20–30 generations. This accumulation is accompanied by loss of fertility 
and germline viability. Outcrossing of the spr-5 mutant worm strain to a wild-type balancer strain, which 
restores Lsd1 activity in the progeny for one generation, is sufficient to reset both H3K4me2 and fertility 
to near wild-type levels.dial germ cells? What causes the pro-
gressive degeneration of the germline 
and eventual loss of expression of sper-
matogenesis genes after 20 genera-
tions? Why do spermatogenesis genes 204 Cell 137, April 17, 2009 ©2009 Elsevier Iappear to be the most strongly affected 
by the spr-5 mutation? Regardless of the 
exact mechanism underlying the defect 
in spr-5 worms, the spr-5 mutant phe-
notype is a remarkable example of pro-nc.gressive degeneration due to epigenetic 
deficiencies. The most striking finding 
reported by Katz et al. is that the sterility 
observed in spr-5 mutant worms after 
20–30 generations can be fully rescued 
by single passage through a wild-type 
germline, achieved by outcrossing the 
mutant worms to a balancer strain that 
restores Lsd1 activity in the progeny for 
one generation (Figure 1). Thus, Lsd1 
activity can reset the germline to an epi-
genetic state compatible with germline 
viability within a single generation.
Mutations in proteins involved in 
modifying chromatin often have detri-
mental effects that manifest themselves 
within a single generation. Why then is 
the appearance of the spr-5 mutant 
phenotype delayed for so many gener-
ations? The epigenetic state likely con-
sists of a dynamic equilibrium between 
opposing modifying activities—such 
as methyltransferases versus dem-
ethylases—that function in feedback 
loops and create robust bistability 
in the system (Swigut and Wysocka, 
2007). Mutations in chromatin factors 
that introduce a severe imbalance in 
this equilibrium will result in immedi-
ate effects on gene expression. How-
ever, mutations in redundant pathways 
that serve as a back-up mechanism or 
affect only a subset of nonessential 
genes will not lead immediately to dra-
matic effects on the epigenetic state. 
Rather, these mutations will likely make 
the regulation more sensitive to disrup-
tion by stochastic effects, resulting in 
a progressive pleiotropic phenotype 
that emerges over generations. Inter-
estingly, histone demethylation, histone 
exchange, and the proteolytic cleav-
age of the histone H3 tail have all been 
implicated as potential mediators of 
epigenetic memory erasure, with the 
first two processes acting directly in the 
germline (Nottke et al., 2009; Hajkova 
et al., 2008; Duncan et al., 2008). H3K4 
demethylase activity has been demon-
strated recently in human cells for sev-
eral enzymes of the Jumanji-domain 
family (Nottke et al., 2009). Thus, future 
exploration may determine whether ger-
mline reprogramming in worms involves 
the cooperation of multiple histone 
demethylases and demethylase-inde-
pendent mechanisms (such as histone 
replacement and cleavage).
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compartmentalized (Kosak and Groud-
ine, 2004; Misteli, 2007). At the protein 
level, this is manifested by the nuclear 
bodies that segregate specific func-
tions into defined compartments, such 
as Cajal bodies, speckles, and nucleoli. 
DNA transcription and replication are 
similarly partitioned in a spatiotempo-
ral manner in multiprotein complexes 
termed transcription and replication 
factories (Chakalova et al., 2005). The 
genome is also functionally subdivided 
into distinct entities at several levels of 
organization. For one, chromosomes 
occupy largely nonoverlapping territo-
ries within the interphase nucleus (Cre-
mer and Cremer, 2001). However, the 
most striking compartmentalization of 
the genome stems from the segrega-
tion of DNA into the more decondensed 
euchromatin, which harbors active genes 
(or those poised for transcriptional activ-
ity), and the densely compacted hetero-
chromatin, which tends to be found in 
perinucleolar and perinuclear positions 
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(Felsenfeld and Groudine, 2003). In addi-
tion, a rim of facultative heterochromatin 
usually lines the nuclear periphery. Con-
versely, euchromatin is located mostly 
in the nuclear center, where the bulk of 
transcriptional activity occurs. This con-
ventional view of nuclear architecture is 
turned inside out by work from Solovei et 
al. (2009) in this issue of Cell. The authors 
demonstrate that mouse retinal rod 
nuclei have an inverted architecture with 
central heterochromatin and peripheral 
euchromatin, and they provide compel-
ling evidence that this arrangement has 
functional consequences for mammalian 
night vision.
In vertebrates, the retina itself is 
inverted: light must pass through three 
layers of neuronal cells before reaching 
the photoreceptors that detect it (Figure 
1A). The cell bodies of the photorecep-
tor cells are in the outer nuclear layer 
of the retina, and the photoreceptors 
themselves are located in the cytoplas-
mic extensions. The retina of the mouse 
contains a vast excess of rod cells (black 
ide Out— 
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and white vision) over cone cells (color 
vision). Rod nuclei in adult mice differ 
remarkably from all other nuclei in the 
retina: they are small and round, and 
DAPI staining reveals that they contain 
only a single large central chromocenter 
(a region of bright staining indicative of 
heterochromatin) without any hetero-
chromatin at the nuclear periphery. By 
extensive analysis using fluorescence 
in situ hybridization (FISH) with markers 
of euchromatin and heterochromatin, 
Solovei et al. (2009) show that the central 
chromocenter consists of subcentro-
meric satellite DNA (constitutive hetero-
chromatin) with centromere clusters (the 
minor satellite repeats) on its surface. 
This central chromocenter is surrounded 
by a thick layer of L1 repeat DNA (non-
centromeric heterochromatin), and the 
outermost layer is formed by euchroma-
tin (which is rich in B1 short interspersed 
repeat DNA) (Figures 1B and 1C). More-
over, using a series of gene-specific FISH 
probes, the authors confirm that irre-
spective of their transcriptional activity, 
enter, whereas heterochromatin 
 Solovei et al. (2009) now reveal 
e. This inversion might serve to 
als.
